
i\N IMI'OHTi\NT QCFi\N FEi\TURE OVFRLOOK ED IN
CURRENT EL NINO-SOUTlllmN OS('II.I.I\Tl0N TIIEOIHES

I'C{hu

lXlw"lmcnl ('f ()n,~""f't3I'h.v

N~v~1 l'Oql,:MlU.'I~<;rh"..r
Mnnl~<ey, CA '11941. II"'"

I, INTRODUClION 2.1 lIi~ lyPC heal eq.... llOn

Almou alilhe lheor~ ~houllhe phr'.omc.....n
of EI Nino ~nd Soulht'rn O«:,ll;ol~'" Cr:NSOI u
s..me " I'(1S,I,,,,,-only ro"d:llion in lho: <>ttan I",al
equ"tion !xl......,,, Cho: tin>e fal~ eh,,,,~ Ilf 5e" ''''
fAC" len'l>er~lu,~ (5.\1) ano",,,ly (,17),11) ~"d 1M
uPJX" acu" lhid,"'M n",01".",o" (h) Ii .. ve'y
i"'I'(1'I,'1\1 10 Juslify ll>e ."lidily or lhi, ""sit ,,,,,.n,,ly
eo""I.'lio" !>efn.e d",~loI'IIlg e"IIlphe,'lro e"upkd
ocen" .\tmn,pherc mlXicl,.

n"~'{1 0" cl"$-,;."I ","",-1 \1, IIcr Iype ""eM'
mi..<1 Inyc, (OM!.) Iheo'y. il i' f,,""d tllnl Ihe
po,il,ve-""Iy correl"liulI l",t""c" ,1'i~I'" ,,,,,I ;, "
d"e 10 lwelluuk of "" "llimMely i"'I")lin"l fent,,,,·
ill Ill" O~I!.: "on-"I"'"'~ 1",h,lIenl heM nIl' ,llhe
OM!. h,<e whe" Ihc OML leml"",'I,,'e i, highe,
Ih." th" Ien'I"",'lu"" hdow II", O~ll.,." il u,uMly
i' i" Ih" 1t0IHes. With rollsi<l..."i"" uf lhi' fe,.eu",.
b(Hh 1>0"1"'" a,,<1 n"g~li,., eu""I"lIn." 1",1wc.:" Ih"
Ii"'''' ,ae" eha"ge of SST ~nom"ly ,,"<1 OMI deplh
n"clu~lI"n h~•., I"",,, fuund FU011",nnof('. jf,nll,~1

OM!. <leplh i, IKal~. Ih~n I .... M""",-Ol",kh,w
1e",lh "'ale V). 1M OMI. qu;r\ly ,hallo".. 10 Ihe
Mon'" Ol",khov le,,~h sale. ~"... Ih~ ""~I'''''

co.~~ellln "',us: howt"",. if lIlil,~1 OM I, del'lh "
"",aile, Ihan Ihe Mon'n Oookhov Ie"llh 'l<'a". the
pos.I"" ro.."l;oellln ~pp<:al'$. "h,O ..r "'"" .......nly
ro"elal i..... 10 po"li.... '''''Vii''' co•..,lal inn ""II lead
10 ~ new I N<;O Ilw:ory,

2 "S'I f'()U",TION IN CURRI'N f I'N'iO '1111
ORIF"

An ocean", M"I eq .... I>on "flen al'l"'ued 'n
Slm,,1e eoupLrd occ"n-~en>osphc.e r<Wldcl' ("",
"'tSl. 1'l36: II"SI and Uu. 1?90) "'~, fitSl pre
senled by Ilirsl (1'186)

wher.. i~.I;.;' Me 1"',1<111"";",,, "f SST. "PI""
""C'11 thid"......,,,d ,... ,,"1 ",,,,,,"I<: 1', " the mC'1I
t."",1 'empe,,,,,,,e ~,,,diel\t: ~, i' Iher"'ol <li,,;
pat;"" "oo:-m.. i.."t. ""d K,( > 0) i' SST-Ihicknc"
c<;l\lpling wolfi"i<'H. '1 he 1'''';li"" v"lu" of ",
c.,,,,,,<1 h,v tile ,,"ly "1'1""ml\u "f "II" (If the I""
C~se5 or tile OM L (; ... Ihe OM l. t Iud lies, 10" Ih"n
Ihe Mu"in·Obukltnv 1""l(lh scale). gu"",,,t,,..., Ihc
posit;,..-o"ly eonel~lil)" helwn'n ,1-{;/,)1 ~"d it

"'5 poi"led by Xie "I "I (I9~9). eh" SST
"'lu~I'oll of Ande'...." .•nd McC..,ary (19115)'. eou
pled ~,,-<)tt"" mood also> ""'Ion&" In Ihis cal"got)'

2.2 Zeb...k-Ca"" Iyll" heal equal"'"

In ",>'C,~1 """pled lIumcflcal ",,«kl. (~_....
ZeNak and Cane I~l: B'IlUSl'. 19M, n .•ni". and
lIi.ol. I~, N...lin 19911. 1M folk>w.nl SST
anomaly equal",n .. oOcn u.....

wh.." C, i' the hom.n","1 leml""~h"" ;wIICClinn:
II, is Ih" ""'~II uppe' I••ye' lh",knn<:",~·",. "",an
an<J fluclll"lion or ve'Ii<:~1 ve[coc,ly: ~n<.J T"" i, II""
slIl",,,r,,,,. leml""~llIf~. which i< delerm;ne<! "m
pi'i<:~II,v hy

In II", e.."""e £NSO I...."'..... e""la"'",~

'>cca" II",n..OO)'namics. .,llIw"l all ''''1'1." a
"",il"" .."Iy cundal'"n bclW«1I lome ••11~ ehn"l\e
"f SS-I ""NII,1ly ""d OML del'lh n"el",uo" I "I
,,, "'~I'g,ee Ih.. 1100 ly"ic,1 (11'''II,vl>c ""d
Z"I",\ Calle lyre) hcal eq",'lioll'.
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Rea-tltly. Ned", (1991) M1npccd .• line,,, fo,,,, r",
1;"':

- .
T,,,~ .. 7111."" [I'ih - 1r)1 - '."h(h/, )1. II < 0

PiP)

Turl>uln>rt in lhe uPl"" .......... <lfon" In "'.",
IIl,n 1IeIlIlY unif..."" l.ml"'''''''''' dn...n hl a
,c.ta,n plh. h The OMI 1""pt'.I\'''' (T,) and
deplh (h) Mc imf1'('ftM\t ,',1fl.bl•., prcdiclc<l h)'
O~IL model<, l!clow Ih. <lep,h I,. Ihc" i< a 'al',,1
dec..a", in le"'p".al,,'e .,,1'(>1.< wh., i, call,d Ihe
cnlra,n",ent WnC. Tt", Ihick""" "f cn"ainmcn,

zone ~ i. a""tned i..fini'~in",lI)' ......n T u.b<,lcncr
IS Mwmed In be ze .... hclow ,he en'.am""..1 W''''.
...he", ito( ""rtical ",,1oc'1)' .. '" delc."""",,, hy II",
dyn.n,ic.< of lhe ......" ,nlc,i" •. The model OMI
;. depieled i" 1'i". I. Ve.tk.lIy u" ,f,,,,,, le"'l"'ml"'c
ill ,Io~ aMI. (Iherefore. "0 verlic~' ",,,"«,;n,, on Ihe
aMI,) ~"d n(> lu.hulenee ", 11", dC(pc. I.yc, 1",lnw
ItIC' c"lIalnlllC'nl 7.0.... Ir;ld 10 ct"C( dtffe.ent fo.m,
of heal cqua'f<ln fo. Ih.... I"'rts of II", Ottan'

(1/'1

,,'k.e Ih~ c<)dr...~nl$ ,n l...cbiak ( .....'" modd I.1l~

the follo"';"1 vall>a; , .. 0.7 1; '" 2Jt·C
7; _ - 40"(" . h, = ('10m)' . ;ultl ,., = {33m. '
lJalll.<l' (r91Q) at>d Rail"" and II",. (l9lt'Jlu'OI:'(l ,
hnle dilT~,cnl form fo. 1~

..~.C' ". anti '" arc lWO cmp"io<al "'",U",,,. rile
runtlion A(x) "I (1) ls dc(jnro fly

tl.(xl- 0, .• $11
il1' +01' iYf I.L(B"7"1.JlL
ill ,17 ,1.<: ,1, .

1,>,:;,,-1,-<

A(x)" t. <>0 ''I

"'he,,, R. is lhe Old heal In<., by !nnt""''''' .ad'a';"..
(mn' lhe sea SUrf;lCf; and fI, and I.F. al( lhe upward
""".,hlc and latcnl ht", O",e, ""'''<$ Iht ~i,-"tt~"

C6'

C',

1'1<'17 < -/0-.

Ill> + II, + Ui
P.....,....

,,'hc~ 10.1 arc Ihe solar ,:>dial;'''' ""eidem on thc
ocea" surface R,ldlhe .wemgc c~I,,'el;(>" """fr",iet\l
Venical ;nlclml;on of l,e.1 eq"~I'"'' (~) fro,,, Ihc
oc,.•" ",rfllC:1: to II ... OM I h."" 1c...<1, I..

Al Ihc oce.n .",fact, Ihe lurbulenl I",al fl", ''''~<I

O(I"al ,he nel heal lra".fe, lh'o"lh ''''' .• i,-oxe,'"
i,,'e,f~cc. I.c .•

whert ...·r '$ ,'C.licalt"rbulcnl heal nu" P.. ,~ lhe
,h",a"le.;"ic v.l"c of "". w.lc' de"s;ly, ",.. i. 'p"
cili" hca, of "e. w.,ler r,,'der cn",I.',,' p''''''''c..'n<1
/' il doU'nwa,d nu~ of «11,11 ."Ji."i"" ", lloe Ofe."

"''''I''''cd hy

HOlh al"'",pIO("e and ...':t..."e pl.,nNary
ll<'undaJ]l b\'t'.s M, ,,It,,,,,.l,l)' i",por1a," f...
.....,."-1l1nl(lSp/><'''' in'...acl",n "n« Ou.a of n",·
"",,'um .nd blOOP""YllC:ros. Iht au oc(an ",Ic.
rll(( art mar" d,ivttlJ rurces (n, dll"'I"''''''J
raelot.) r"t ,Iff: 'WO n",d<. Tht,cf"t,. her",. de
"R"ing ''''y EN.~O "'ndel (e;t1,er n..""t,<..1," "n
",e"cal). whell'er 'he l"l"ndacy layet ph.""", i<
,e..wnllhlc Of no' .h""ld I... fi"'l ,h«~e<l "p

" ......,Id T"...... (I%7) ......."'pcd a OMI
,,>Ode! hy f")f>,KIerrn" II", b\'C. '" I", ''eIlie-.lIy hn
.....~.......,,<: ht.1 mp"" I... II", laye••"d rnn< en
lfa,ne<l .,1 II... ""Il"," "f ,hc la)'" II",
'''.lanl ........ ''<ly m,.e<l ",,,rnr,,,ly 'h"",,,h Ihe I.ye'

llhh~.ion or an)' ,me 0( (-"",""'1",,1> P) Ita..h ,..
" po"r,....,-only rom,lalion I>c:t","," il1j,1/ and h.
ie Ihe ,ncru'IC (or <kef"'''') of ir call..... ,"'" "'.
e,c"", (0. ,leer."",) of ,1"/;/,1, r, ,I,i, 1'0,;1;"-0,,1,
rorrel.lion .'orrorl? The "n""" j. "0. 1~.cc'lIly.

eh" (lWI •.h. c) I""inted "u, the 1><>,,,I>,lily of ",
<>,enee of nrtal;'-' <"I.li.." bClw«11 .11"1,1, "nil
;; ha:IC on lh(' snrfau ",d co,w;"I",,, In ,;,,, ",.te,

• r""hc. In"C:Sl'~lio" of tht.",...dyn..rnic;ol lind
dynllmie-al ".uclUre of Iht OMI '.pln~ UO(
o«.,nic eN.d,'~'n for II", '~Illh" .........bt'.....

.1. OCEAN MIXED I.AYl;R MODI,I
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interL,ce Ve,ticolly inl~g'"I~d l"'h"le'>I ~inClpc

e,,<r!'y (TKE) eq""lion i, giv." hy (K""" ,'"d
Tlttner. 1967)

ElirniM1io" of in;/,1/ from (5) ,lI\(1 (II) "nil "1,li
z.,tiofl 0f (9a) le'ds 10 a ,dan"" f,,' '0"'1'''10'''''''
uf l"rhule"l heM n,,, 01 thc O~ll. hw;c

rO",TdZ=-(G-IJj
, .

wh~re f) derloles Ihe di"ipMion wilhin Ille (l~11.

"nd G Ihe TKE input f'''''' Ihe w",d, '1 he simple,1
I'M"mele,iz..'lion fo' (G - f)) i' (I)c""','rl, 1973)

_. _ 2(0-J))
(",'1'1-/,--(""1'\,- II

If Ihc 1"'"el,"lion dcpth (l( ,,,I,,, ",diMioil " ",uch
"".lIer Ih'" Ihc OMI. thidnc,s, i.c .. ,r,pl, Ihe
e'poncfll e-" i.' "cgligihlt ,1g.,i"'1 I. ",,,I Ihe'tf,,,c
Eq.(ll) C,'" he "i",plifi<Xl as(9")G-IJ-

(",T1-" -" 0 (14)

The l\lIh"lenl hcal fl,,, "I Ihc OMI- h,1SC is eilher
dow"w"d or '.cro, tlcver upward. "c.,

dLle Iu higher OML It"'I>c'''turt ('/;) vN',,' deel""
Ia.vcr lompc,.1lme (Fig. I) Wilh c"",idcralio" <,f
Ihi' co"'l"in, a t",ltc, fo,m is ,~cotnmcflded 10
rcpl~ce (13)

F,j,J... __' "
2 1/'

( 1-')

(0 - OJ

"

~'I' -
-,~,' +(",'1'\,-(""r),_fj,_/1') rln!, ,

F,,,ther inleg,.,tio" Of (IU) wilh 'e'I",1 10 z f,o",
Ihe OMI. h,1'1<' I" Ihe oce"" ,,,,race gi"e' ri.e t"

where V. is the hO,;",,,I,,1 wi",1 "I III ,n height: r",
i' Ihe ch"raeterislic ,,<,I,,. of ""f.,ce ,ir domily: ('/'
i, Ih. d'ng coeffieienl: ~ is g"wily, ~ i' IIw,m"l e,
I'an.,io" eocffkietll of '"'" IW,le" ""iI 1'1 i, pr"I''''
Iio,,~1 il y. Ifllegr~1 io" "f Ihe ho,,1 oqu"l ion (5) wit h
rC.'I",cl 10 z from a dep'h z i"'idt Ihe aMI. f
z> -II) I" the """"" ,,,,f,te le,d, In

(I I)

( 15)

whe,e (~, is the "el d<1wnw"'d heat flu, pi", ,,,,Ii
.Iion 0'1 Ihc oc~an s",focc:

( 17)
2(G - f).j l'r)11

(J"/r.,,c/,w

which i' gcncrally I~"i'i'", ill lhe t".pic, whe" thc
low frcquency modc i, cOlleerne,l, ""d t i, Mo"in
Ob"khov lellgth ,e.1Ie dcfi"<Xl by

Integraling Ihe hCM ""1"Min" (5b) 'c,"', Ihe
elltr.,i"'"t"t 70"~ f,om z _ -/,-, In z _ -I. ,,,,,

lakiflg Ihe li""1 ,1< ,,-.n, a jump eo"dili"" ha' t>rCfl
nh"i"ed (lk"",.", 1973)

,
,.,

", II

"'.. '1 ,....,~,"

_.., "OB'
_.; ,,',,--,,
-.;

~.",,,.,,om

't'
"~.!'c--i~c"'- L,__'/--_-"or... ,

"'

whore'" ,. 'I~. a,e vellieal "c1oc;ly o"d IcmI'C,"I,U,"
.1t 11o~ I,""" of the c"lroi1\tnem ;,""e, r«I"'C"<'c1y,



.. ullNllhe ~nl""i,,,,..nl ""l<><"ilY .. 10;"1> ...,If: ........1
In sn~ I'NSO mooch ennl,,,,,,,,,, lhe OMI. (c._
/lmle,,,,,,, ~n<1 McCreary. 19.~5; 11"'" 19M; Xioc e'
.11. 1989), Since Ihe OMI. 1""'1><'1.11"'. i' high~t

Iha" 'lor u"'p",alure h<lo'" II ... OML. Ih" r"ocl,""
Nt) al.... l"ar.o"I<e> _'..p..an! h"b,,1c',>Ce heal
nut al the OML~. Ir ...... "hI,l, > 0, ,10<", ..
""I'all1"W:,,1 mi""c (ca",,,,~ d",."..-,,,<1 h"b,,"'nl
h~,'1 n".) "I Ille h"", or I"" enl""''''e''' ""'" Ir
"'. +a"p, :';0. Ih",e ;, ne, ~n""i"",,,," ,"i,i,,~

("a",;n& tttO ,,,,1>,,1<,,, hu' nu.) a, lilt h.,.~ or ,Iw:
""uammen! >.one F.q..(7I. (15). P11. an<! (l,~) a,~

b.,<ic cqu,'1 M.ons rO' J( "',,' 1 "me' In'" OM I mod
,,1,. Eq (I~) i, "....J 10 eo"'p"l< Illlh"I",,' 10<", n,,,
(",'1'1.... , 1:'1-(7) i, ",cd ", d~ICtIll",e Ihe O~ll.

leml)eral",o T,. and E'l.(l~) i. ,,"'" I" c"",,,I,,,,,
I".... ,a,,, chanl:" or OML deplh ,11t/d, In
~nl.a;nm<'nl m ...ng ....... ".J-.

In r;IC!.

"', -'"
J',.'
'"

(,,<() (19)

lhe do..-n",,,,d I",h,,"'nl I",al Om "I II... Of,l1 ba<e.
_ ( ...·1·) •. "' h < I I"..{ IJ)) ; n, "'e'Ca«' 'he OM I
depth a. h _ r IJ,·r(11)1. I" olhcr w""t<. Ihc ill
crea>e "r .... ,r,..... "';nd -'"...... gene,.lly inc,e.,,,,, II",

OMI. derth

".0
".0

j
'~..• ,•.•

" •••,
" ••
~ ,..
~ •••

•• ,.. •• >' ••• •• '.
l'ig.2. O<:l"'mlenee or OM!. dC(:,..."ing .ale (f"r
Ii < f) ca"sn1~y ,he I",bo,!enl hocat nIl' al lhe
0-'1 L 1>3.... (.... rl...J(T, - T..J, "n "/1 fo' d,llerenl
valtoe;'f of {T, - T.l : (al I"e (h) rc. {ell"C (dl
4"C and (c) S"C

/lnot.... ' f"'''' ofOMI .....al «l"al,on can Ix
oblo;,,<d hy Ihe ,"b,lil""o" Qf(l~) inlo (1):

Fmm Wyl1lt'. (19~1) "$l,malif,,,, 11", "w:',,, "pw<:U

'''I '",I<><",ly .11 Ihc '- or ,I>< I.l",.,n la,.., (
z _ ~ ,1, ) os nearly I m'd'I)·. -r........rellcally. , ....

n",,,,, doplh .,, II", cel""'''' "inl1""y. Ir
,\".101", ;1 lho"gh! 10 he , ,e"",,,.,hle e,lim,'li"n
of l.klna" l,,}~, IhickncM.lhe mean \-'e.lie.•1,,,.Iocily
a, I.... m<'an "moo !aye. dcplh can he .ou,.1IIy
evalu.a'oo I>y

~ AN 1""1'011 rAN I
I OOK I'll IN '1111: ENSO

I'EAIIJRF
rlII'OltlES

"'h«e lhe mean ",..cd La)"'. del"h. la~~n a, 2~ 111.
i, f,...." lhoc dala enllcclcd d""n~ 11""",,, In-T.•I"I,
.<:t>ull'" E.pe,i"w:nl (Sch... ide, and Mul"'•• 1990)

F;~.2 imlieOle' Ihe OMI dL"CIW:I""8 'A'~

c.,,,«XI hy lhe lI"h,,).,,1 he,l nIl. ;>1 Ihe O~IL 10, ...
f," ri," dille","1 "al,,~, of II .. le",('Cralll'. jll"'!' AI
I .... OMI h;..e (T, - T.1 1'... Ir ,,," 'T'V elo<c In
I. III I .... ,,""hand .ide of (19) I he «<mid I~m, .
m"eh 1M",. Ihan , .... [il'l term. "I"d, ""'",,. Ih.lI
Iho c1",,\~c or OM!. <!c1'11! i, """" likely h., IIIe
" .."glh lOr ""h,,!cnl heal nIt .... Ihe OM!. (,., ...
•alhoc, lha" by lhe' H'na" l'uml""~ F.q.{')h) "id,
cal'" Ihal an inc'~"", nf ""r~ ",in<! 'l~ 1e",1.

t" an '''''''Me of r; - n. ",hreh 111 'u'" a,,!p'W:""
(I", OMI, dC<:I""""g ,"'c lIu""rh II", inc<~a... "r
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lIe«. f 's lhe "h.\lacl.",I", O"'U Ihick,>C:S!'. ·11",
Ii",e ,"Ie ch,nge or s."r i. <lelon"",.d by lil.
Moni"-Oh,,khov leng.h ,,;.,1<: r "ud OM L del,(I, I,

An nllimalely """",la,,1 rcaw,. 11M hccn
n"",looked ,n ,he e"rrtn' ENSO I........r~ .. II>e u·
"'ence of lwo d,lTe,enl ,.nal}'I ..al ron". of ,h.
UM L he'\! «1".11 io" depe"ding '''' II .. ill i, ial 0 MI.
del'lh Ir 11 ;",lial OM I. del'lh i. g....alC' ,h.n Ihe
Mnnin Ot klw>v Icnpl.-,,;alc (It > It. lhe ...."'....100
val"" of lhoc tu.butcnl heal nut AI the OML ~
(;'1't•. whICh j, only dclenmnc<1 1>y II", ,..~.,"
,,,,face wind r"'tin!, (G - II). OMI depth lh). MId
Ihe ,,,,race 'ICI IIC,'( 0"'1"·<111)1. w,lllle 1""ill1'•.
which i, a&"il1<1 II ... I'hY';"al I., .., Ihal ,lor ;. 110
.....a.~ 'u.bulcn' heal nu. a' ,he OML 1>., when
T. > T... MOIN"". lhe r"nelirlll 1'1((/- h)/Ir]- O.
which l11~k",



FigA, Timc r"I~ change of SST 'c"", UML Ihick_
"e~, for {, > t.

~-(w 1")_h = 0

",,,I ltor'" tl,< SST c'l",'iun (20) Ill'"

(II = () (21,,)

which .how, Ihal Ihe time r"'e ch"ngc "r SST (
;n;/<1/) rnolwto"ic.,lIy <leno",".' with Ihe inc,,,,,,,,
of II (Fig.3). II is ca.'.Y 10 f1tlJ ill II,;, ca.'" IhM IIw
i",,,,.1'IC or Ihe OMI- JCl'lh " c,,."o, Ihe deert.,S<'

(>f ,he lime 'ale change "r SST. which jillplio< "

ncgali,-< <fl,rdalio" bel"'ec" Ihe time rale cha"gt

or SST nnon,aly and OM L d'pl h n "cl"a! ;01\. "hich

was <j"crlookcd in Ihe c""elll ENSO "'''del<.
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5. GENERATION OF TWO TYPES OF UN·
STAIlLE MODES'

Sil1ce Ihe OML h~.1t "'1".1tiol1 h~~ I"'Q differ·
ell' rorms (2 10) .,n" (2' il) d"c to in ilio 10M L drpl h
\'cr"" ,he Moni,,·OIHlkll('" lengll1 ",,~I •. ;, i, ",'li~

ipatrd Ihol Ihe re",,,re, or UI"I"hl~ ll"x1e~ gCl1t,
al~d hy coupled .'r·occ.lIl .,y'l~l1l ,h",,'d b~

differenl.
The Impieol ,,,t>ct,,,,,! layer ., ",,,~lly <lomi

,,,,,~d "y m~.,,, e."tcrlie<. The Inw-b'd almo·
sphcric C(>n,·e ..gcn~~ .11\d ~o""",,li,," (Tn,weclion
/1-) a,c gencrally ."soci.1Ied wilh Ihe 11""'" waler
(Gill. 19~0). III Ihc~a'l (0' Wt.,t) oflhe war", w~lcr

region. Ihc "nfa~c wi"d .'1",,,,1 i, Cl'h~n~ed (or rc
duced)..,,,d Iherefore. Ihe OML d~plh " i, in
cre".'c<:I (Qr decrcnsed). There arc 111'0 ,"a", c"'c<
which nre ;lh'5'r.OI",1 as foll.)I1".

AS Ihe OML deplh i~ .',,'nller tI,.1I\ the
Monj,,-OllUkhov Ic"glh sc.,lo (II <: I). i.c._ Ih" 'ur
t",lent he" nLtX '" ,he OMI. ha...,;, ncg",;"c

which .il",...' 111.11 Ihe li",c f.1l< "I>.1"g< nr SST (
;U:I,l,) mo"olo"ie~lIy incr~."<,, 11';,11 Ihe i"~r~n.,,,

"f II (Fig,4). Thi, lea<l' 10 .1 po,ililo mnobliUIl ho
Iw~~" Ihe Ii",. r"le ~h""g~ of SST "')(lmnly ~n",l1c

nML <leplh IlIlC'\laliQII, ",hkh ha~ hee" well rr·
p,e",,,'cd in Ihc cutrrnl ENsn thcn,i~.,.
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5.1 SIl1 .• 11 Lnilial OML IhieknO-<S (il <()

I" tili, ""'. Ih~ S,~T O-qll.llion ;, gi"~" by
(2Ib), <h~lI'illg " I>o,ili"~ concblioll hel\\,<,cl1
n',lol and Ihc OM!. doplh (Fig ..l), TIINCrIll'C, "
p."il ;,'. OM L fluet".01 iOl1 (f. --,. 0) Ie.,d, 10 a I>osit i"c
"mc "'Ie chal1go ~f S~T all"",,,ly (.,.i:l,lr > 0). I"
Ihe ."" (~r we'l) "f Co",'eel ion /I. 'ho O~1L <l~1'1 II
fI,,,I,,.'liol1 i, po,ilivc (or neg"livc), whi~" in lu",
gi,'c< ri.<c 10 , po<ilive (or neg",i",,) lin,o ".1Ie
ch.111ge "r SST ~nOl1,~ly (Fig.5). '1 I"". pMit i"c SST
."10",.1Iy and """,.i"'cd """"ble ('olll'""livo <li<.
Ilt,h.,,,ees (dc,,,'tcd hy -Convccli"" 11") will "I'pear
in Iltc ca.<1 of Ilw iniliol war", w."cr ,egion /II'

plying the S,,"". Mg"",omlo ('''''''ecti,)n n, po<il'''c



SST ~l1om."y "'1(1 osrocl,'le<f ""'Iahle ,0'''''''';'',
(liSlurh.,nce, (denoled hj' "Cn",'eet'''n C') will "1'_
pc,,, III the e.,>1 or Co,",'eeli,,11 B (F'g.!') d", I" Ihe
rurlhN ille,e."e or Ot-ll. <kl"h c""'cd hy Ihc Cn
hanced s",r""e c,,,lerlie.' (SlI'" "r Ihe h"ekgr",,"d
e,'.'ter!;e.I. e~,lerliC5 ""ocl"led wllh COllv,clw"" A
"nd Il), Un<I.1hle conv""li"" <ii,,,,,h,,"co< arc llll

hhly I" "pP"~r hel"'een C"o,-crl;"" A a,,,1 C""
veellon Il d"e I" Ihe opl'''sile d;,"'li"nl ..,r Ihe
",rf,1Ce wind., ".",oci"Ie,1 wilh A ",,,, II. r1,crdorc.
a, II < I. Ihe """I"hk ",,,de i, gc"crnlcd III Ihe e,"1
or Ibe illili"1 wa,m waler regio" .,nd I""p,'gal'"
c,"lwa"l,

F", a I.'Vical I.a Nill" C'nn,lil;e,,,, '1""',ph(O;,
deep co,,,,cct ,nil (Conw,.:1 inn /I) de"c 1"1'.< "--or Illc
weSIC", [",o,lie w",m \\,.,ter, A <h"lIow "",I ,",,,,,
O~ll. w.,lcc "cc"pie' Ihe eal!ern I'.,cif,e, The O~II.

Ihid"o" " generally ",II<lied Illc ,,,,,dili,,,, I, < {,
The wMm SST dl,I",I1.",ees "nd a-'~I1C'.1ICd "Ill''''
,phe,ic co",'c<lion arc gC'1<"r"led ill Ihe e.1,1 "f
Co,,,,eclion /I .'Ild p'0l'ag"le c"~lw",d, whkh k,1<h
to a e."lwa,,! pml'.1gal;oll "I' lile .""r.1CC w~,I~dle'

("'c<terlie, ,"mci.,ted wilh COllwcli",,< A, I), on"
el. AI Ihe "me lime. Ihe OMI. Ihickllc,"" I,,·

ere""". The whole I"""e" rC,'I"re, Ihe Ir.,,,,III,,,,
f,om L, Nin, 10 1'1 NI"o,

u-.
Fig.5. P",ilivc SST n"~II,;tly m,d ;".""';,'Ie<l
com'ccli,,,, <!;ll",h.'''ce, (ColI\'t'<:I"'" Il) f,,,nNalCd
ill Ihe ,.1'1 or Co",'""lion A (I, < /)
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I'- - ---
• •

u"'"" ..",....,--
fig.6. E~,<lw."d 0,·",-0,_"_,,., .. ~<.. ,,-" "0"" v 1>0511 tI'e .>,>'
,n"I11"ly ~l1d ~s~ociale<l ,_" ••"" " 'v ..~ v" ",,,.,nCe< (
II < I),

5.2 l.;l<ge illilial OML thickness (hii:, ()

In Ihi, c"se, Ihc OML 'I\lickly shall""" 10 Ihe
Monin·OhLrkhov IMglh-",ale. The OML ,hollowi"E
ti",e :\C.1Ie ;" c<limate<i by 10",,,,00d. 1977)

where. 'F; I~ Iho me,", TKE a, 'he OMI.. If
< E>'1'_ IHrlll/,' """ ,,_ 100.", Ihe OML ,,\,1
low,ng I;me ,cale (ll is ne"rly 1000 ~ceond,. which
i, '" ,ho<l wmp",i"g 10 Ihe ENSO time ",~Ie.

'1'1"", il i., T~",ollohle 10 ...,ume Ih.,1 Ihe OML i,,
,"",lly ,h"tlows 10 Ihe ~·lo"i"·Oh"kh,,v IClIglh "",11e
{ when the ,,,ilial OML deplh i, gre"I'" tl1M' (.
The SST e<jualio" i, gi,'e" hy (21"1. ,howlng a
neg.'li"e CQrreiall"" hel\\'C<" ('17:/.1/ an" Ihe OML
deplh (Fig.2h, which 'nco", Ih.,1 .' negnli,'c OMI.
n"Clllalion (11 < U) loads I" ~ 1'0<;11"" lime ",Ie
eh~nge of ~ST ""o",aly (J'i:/Jr:> ll) I" Ihe we.'1
(or e."I) of initial Con,"<O<Olioll D. Ihe OML <lcpll1
I'hlcl"alio" ;, "el\'II,,,, (nr po,lllve). which ill IL""
gi,'", ,Ise In a 1""llive (M "eg,'li"e) 11",c "Ic
cha"ge nf SST ""oll1.,ly (I"g.7). TI",", I''''ili,,,, SST
.",om"ly and M'\I1CiJICd ,,,,,I,,hlc convc<:l",e ,Ii •.
I,,,h.,"ce, (d,nolo<! h.y "Cnll\-crlion 10") will 0pl'c~r

ill Ihe w~,1 of Co",'cClinr\ [), Apl'lying Ihe '~lI1e

mgll",er\1 \(' COnv",lion E, I'''sit,v," S~-l' nlln",aly
and a"ocialed ",,~lablc COII"c<III'e dish"b""ce'
(de"ole" by 'Co""cellol\ F"j w;1I "1'1"'''' in Ihe wc<1
"r ("oll,,,,,lioll E (Fig,~) dOlc 10 Ihe rnriher dc<rca~c

of OMI. dcplh co",;ed hy Ihe rcdnced s\urace
e,,,lcrlie, (Ihe ImckgrOLlnd c."le,I1t'.' collllle,hal
ancod hy "'e,ledlc, """"I,1ted with Convectio", I)

a,,,1 F.) U,,,,"ble co,wccli"" dl,llI,h"ncCl ale '""

I



I,kely It) ~flpeM I>el"«n ("""I"e,""'" l) ",0(1 C,,,,
voxli"" " du., 10 110., "I'l""'t., d"""'io,,. of rr..,
..."r:>t., w",d, ~~'I<J(';~led w,lh D ~"d I:. 11,."er"'e.
~J h > r. 1M ,,,,"~bl< ",<:>d., "I;<"""~lnl '" Ill(' "<"I
"r lhe ,,,,li~1 "'~"n "",I." rtf.ion ,,"" 1"f)I'~I:-'I'"
","Iwud

.--
u----

o---
,1..", __ 1 ~.

(I) IJolh u.lwMd ,,"" .....,.1'0.11<1 1""P.'I:,,(i"l:
u,,«~hle ",od•• de..,,1)nl he'e ;. 1"...1".<:<1 pu,d)'
hy Ihe SST-O~IL Ihio;knC'<S fecllh.,ck. 1'''';live r",
n<~.,tiv<) <<It,d,,,,,,, 1,.,I"'ec" ,;-i',/<,I' ""d ,; will
gwe,.lle ea'lwMd (or we""'n,,1) p,np.lgnli"g U"

slnhle mode

(2) Shin fro'" 1",,,I,ve-o,,ly c"'~lnHon 1'1
I'",ili'"./"cgnl""" correl"II"" l"'lw""" ,1"1;/,1, "ltd "
Ie,,,,. 10 " d,scove,y or a new m«h.,,,i~rn of L"
Nina "nd £1 Nino I,an,il"'" 1"",,;<1 0" Ihe mag",
lude or OML lhic~,,", (h) ,el.\lh." 10 Ihe Mo"i,,
Oh..khM Ienglh-.<C"~10 (I) I, .,1." ".dic••'''' lhe
u;.tcntt. "f an OML swilche. fO,lh .., I,a"..l,o".

(3) 1lIe "",11,.,;01 "".....'io" Ie,,,, c"" nol e~

plicilly ~f"PCa' '" ,he OMI I..,al C<lualiun beea ..""

.-i1·1I Walw'ard ""',"'pl"", ..r pm,ti,... SST
""",,,,,,Iy ,,"" ..."""i~,etl .on....c1i"" dutu.h., ...... (
h __ ,").

.-_.-
•

••

•

1'0' ~ 1)'1'",,,1 m N"". eond'l".".., d«p ~"d
w:"m OML ..·..le, oorupoes 1M .,a<lelll l'"",MO!:.
...he.e Ih. ..lmoSfl'M'''' d«r ._~...." (C""
~ov" 1» deYelop$. T1>e I~,,,., UMI lhioc:k'lCM"
'luioc:kly adru<led 10 II>< M""'n Uhulhow Io"t'"
oK"lo. ,,- r n .. ..."rm ssr d,..".t>.,rlCC-< ~nd ~S""

• i~led M"",.pl.. ,.. rom"ttli"" ~'e I;<'neulnl '" lhe
\0'(";$1 <lr CO".....lion 0 and P'''''''I:-"., we<IWMd.
w'nch I<3dJ 10 ~ "".sIw~rd p'Op.'I:-,li,.." ,..r lhe ""
r"O:c """'Ie,hell (we.sI.,hc~ n<5O(";~lnl wllh Cun

.«Iion! D. E. ~nd F). Al Ihe ""'''' I"ne. the OML
lhie~n= h dec,••,"'3. The wh"le 1m...". re.,I","
III(: 1'.'M,I'o" r,,,,,, 101 Ni"o I" r.~ N,,,.,

~-~~~---------~-----------~

l'it_1 l'OS,h~ <;'<;1" ~nom."y nnd ~......,~Itd
convoxl,,-,: dc'l",h;ontt. (Con....., .. '" I'J I;<'ne."I,,1
,n 11.. west .,(Co".-.:<:IIfl" lJ (h=/)

,i .

~.-
,r... _ ;; •

" on'y "rr«l. lhe 'Ulhulonl Ittal n,,~ "t lh.. I)MI.
I>.:l""hroup lhe ''''''P cood"".n (I~). A.1t <0 r.lloe
vel1icol ad....h .... chan~ 11.. OMI. IcmPO"a"',,,
lh.""tf'I II.. rnan,., 01 OM L Ihoc:t"",, As Jr ~ r.
the OML quietly J/ullo_ 10 Ih<' Mo",n-Obu~hov
Iongth-""alo ,,"" lhO't",,,,,Io,,, I><~I nu. al II.. OMI.
('ase beeo..... U'ro. The,.,f ," lhis ea... lhe "",_
lical ad"""t;"" no Ioncer aft I'" OMI_

ACt( NOIVLf:lXi £M ENT"

1'10,. W<>lt w", r""d.d loy Ihe orr",,, "f N.,,,,,I
R.,...,uch an<! tI", Naval 1·"'lg"',I""lc 5<10,,,.1. Tile
.",Iho, ,h""b R 1_. II"IC)' and Il IV.Uo1lWootI. J,
.,! H", N.w.,1 1'0'lg,ndll,'IC ~hn,,1 f,,, i"",,I".1hl.
<!i:sc".. ion.
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